Xanthoxin (XAN) in the pulp and seeds of sweet cherry fruit (Prunus avium L.) was identified and quantified by using deuterium-labeled internal standard. The high concentration of total XAN in the pulp was observed in the early stage of fruit development which subsequently declined and remained at a low level until the initial stage of fruit maturation but increased toward harvest. Total XAN concentrations in seeds were high in the immature seed and decreased significantly with seed maturation. Total XAN levels in the immature seeds were approximately 10-times higher than the levels in fruit pulp. This study is the first elucidation of XAN in a non-climacteric fruit.
Introduction
Abscisic acid (ABA) in higher plants is synthesized from an indirect pathway through the cleavage of a C 40 epoxycarotenoid such as violaxanthin and neoxanthin to give rise to a C 15 immediate precursor, XAN, which is followed by conversion of XAN to ABA via ABA aldehyde (Fig. 1) . Although XAN has been introduced as an ABA precursor (Zeevaart and Creelman, 1988) , there are few reports on the changes of XAN levels or how theses changes are related to ABA levels. A study of XAN in fruit is limited by a lack of a proper internal standard needed for precise quantification. Therefore, we developed a suitable internal standard for the measurement of XAN. XAN in apple fruit decreased in proportion with an increase of ABA during the ripening process (Setha et al., 2004) . However, these changes may differ among fruits.
XAN is rich in plants such as the tomato (Lycopersicon esculentum Mill) and spinach (Spinacia oleracea L.) (Yamamoto and Oritani, 1997; Zeevaart, 1974) . The metabolism of XAN to ABA has been investigated in cell-free systems of plants (Cutler and Krochko, 1999; Sindhu and Walton, 1987) . ABA regulates fruit maturation in non-climacteric fruit (Kondo and Tomiyama, 1998) , but XAN has not been isolated in non-climacteric fruit including sweet cherries. In this study, we isolated XAN and investigated its changes in concentrations during the development of sweet cherry pulp and seeds.
Materials and Methods

Plant materials
'Satonishiki' sweet cherry fruit was obtained from nine randomly selected 13-year-old trees grafted onto Prunus lannesiana Wils. rootstocks that were growing in an open field at Hiroshima Prefectural University. Samples were collected at 22, 29, 36, 43, and 50 days after full bloom (DAFB). The separated pulp and seeds were immediately frozen in liquid nitrogen and stored at −80°C until analyzed.
Preparation of [2, 6, 6, 6 -2 H 4 ]--XAN (XAN-d 4 ) A mixture of 2-cis-XAN and 2-trans-XAN (1:3) was obtained from the oxidation of violaxanthin and 9'-cisneoxanthin by the zinc permanganate (Taylor and Burden, 1972 direct introduction of deuterium into C-2 and C-6 of 2-cis-XAN and 2-trans-XAN by enolization in a sodium deuteroxide solution as described previously by Setha et al. (2004) .
Quantitative analysis of XAN The basic extraction procedure was performed as described previously (Setha et al., 2004) . For large scale isolation of XAN from the fruits, XAN was extracted, purified, and identified by using immature fruit. To identify XAN in the samples, we compared the fragment ions pattern with the authentic XAN in total ion monitoring mode.
Statistical analysis
Data were presented as means ± SE of three replications, subjected to analysis of variance procedures, and separated by Fisher's least significant difference, P≦0.05 (SAS Institute, Carry, N.C., U.S.A.).
Results and Discussion
XAN has not been identified in fruits because of small quantities and its instability (Parry et al., 1990) . However, XAN in the immature fruit was isolated under our strict precautionary method. XAN in the samples was identified by the comparison of fragment ions with that of authentic XAN. The retention times of the authentic XAN on GC-MS were 22.6 and 23.2 min for 2-cis-and 2-trans-XAN respectively, but those of XAN extracted from fruit were delayed slightly ( Fig. 2A, B) . Large amounts of impure compounds in the crude extract may influence the retention time. A molecular ion was observed at m/z 250 (5) with major fragment ions at m/ z (relative intensity): 235 (3), 217 (5), 208 (4), 189 (9), 175 (13), 168 (45), 149 (83), 133 (52), 123 (84), and 107 (100) (Fig. 2C) . XAN, isolated from a bulk sample of immature fruit, showed a similar mass spectral pattern to that of the authentic XAN (Fig. 2D) . About 1 µg XAN in the sample was required to obtain the full scan spectrum.
In our study, XAN concentrations during fruit development in a sweet cherry were estimated by GC-MS-SIM by using (2,6,6,6-2 H 4 )-XAN as an internal standard. The 2-cis-XAN and 2-trans-XAN were combined and presented as total XAN because isomerization was inevitable even under a strict procedure and the derivatization as described previously by Setha et al. (2004) . The changes of total XAN concentrations during development in sweet cherry pulp (Fig. 3) reveal that the total XAN concentration increased from 22 to 29 DAFB, then decreased rapidly toward 36 DAFB and remained at low levels until 43 DAFB which is the initial stage of fruit maturation. Thereafter, XAN increased again toward harvest (50 DAFB). Changes of XAN concentrations in sweet cherries showed the opposite tendency with those of ABA that increased at the early maturation stage and subsequently decreased toward harvest (Setha et al., 2005) . In the apple pulp, total XAN levels were much lower than ABA at the climacteric stage that may imply the rapid turn over of XAN to ABA during the ripening stage (Setha et al., 2004) . Yamamoto and Oritani (1997) found that XAN was induced by water stress in the tomato plant (Lycopersicon esculentum Mill.). Exogenously fed XAN is very rapidly converted to ABA in bean leaves (Sindhu et al., 1990) . Therefore, the enzyme activity that promotes the conversion may be high and constitutive (Sindhu and Walton 1988) . Total XAN in the seeds increased from 22 DAFB to a maximum concentration at 29 DAFB and decreased dramatically as the ovule matured toward harvest (Fig.  3) . Total XAN concentrations in the seeds were high in immature seeds and decreased significantly with seed maturation. The rise of ABA concentration in seed maturation could be linked to the metabolism of XAN (Setha et al., 2005) . Total XAN levels in the seed were approximately 10-times higher than the levels in pulp. This observation suggests that XAN in the seeds may be a source of XAN in the pulp. However, little is known regarding the translocation of plant hormone from its original biosynthesis site to the active site. 
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